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ABSTRACT

Stability and control tests were conducted on a production model
OH-58A helicopter to evaluate its flying qualities in the unarmed
configuration and in an armed confilguration with the XM27El weapon
system. Limited testinn was also performed to evaluate the heli-
copter :lope landing capabilities and flying qualities with skis
installed. Human factors and maintainability characteristice were
noted throughout the evaluation, Testing was performed by the

US Army Aviation Systems Test Activity, Edwards Air Force Base,
California, between 6 October 1969 and 16 February 1970, The test-
ing consisted of 89 flights which totaled 85.3 hours of productive
flight testing. There were no deficiencies recorded. Eighteen
shortcomings are reported. Difficulty in maiutaining precise
directional control during hovering flight is a shortcoming which
warrants lmprovement on a prilority basls. This shortcoming requires
excesglve pllot effort and degrades the accuracy in firing of the
XM27El armament subsystem. It is recommended that a caution note
be placed in the operator's manual warning against hovering in a
tail wind in excess of 30 knots. The capability of landing on a
10-degree slope was marginal but 1s not considered to be a short-
coming. Flying qualities of the aircraft with skis installed were
satisfactory. Maintainability of the helicopter was excellent
Lthroughout the test prugram.
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FOREWORD

‘Throughout the OH-58A stability and control Lesting, technical
support was provided under contract by the airframe manufacturer, !
Bell Helicopter Company, TFort Worth, Texas, and the engine manu-

facturer, Allison Division of General Motors Corporation, Indlan-

apolis, Indiana. Iunstrument calibration, emergency fire fighting,

sclentific photopraphy and medical support were provided by the

US Air Force Flight Test Center, Edwards Air Force Base, California.
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INTRODUCTION

| BACKGROUND

L. A llmlted englineering flight test of the Bell Moaei 20064
hellcopter (JetRanger) was conducted durlng the US Army
L.ight Observation Heldlcopter (LOH) procurement competition
from September through December 1967. The Bell Helicopter
Company (BUC) of Fort Worth, Texas, was subscquently awarded

i ol

LTI
h

(. g

e a productlion contract to build a modified version of the 1
| Medel 206A with the military designation OI-58A. '1
(d y
ié_j 2. During the perlod from 26 June 1969 through 9 July 1969, the !
e Army Preliminary Evaluatlon (APE) of the OH-58A was conducted at
F ; the BHC facility., This APE consigsted of limited quantitative and
K‘{ qualitative stability and control testing with the OH~58A in
;"I the armed scout configuration, as defined in the detail specifi-
v cattion (ref 1, app I). Thirteen test flights were performed,
!:‘ totaling Y.1 productive hours.
4 3. On 7 August 1968, the US Army Aviation Test Activity (USAAVNTA),
V!' now the US Army Aviation Systems Test Activity (USAASTA), was
r ] directed (ref 2, app I) by the US Army Aviation Systems Command |
o (USAAVSCOM) to counduct Alrworthiness and Flight Characteristics 1
ff 1 (AGFC) testing on the OH-58A helicopter. The testing was divided

|

into two phasca: Performance, and Stability and Control, with
P separate reports required for ecach phase. Performance testing
s was completed in January 1970, and the final report was published
in 1970 (ref 3). This report contains the final results of the
stability and control testing.

i mmdes

Ty L~
\

TEST OBJECTIVLES

4, 'The objectives of the OU-58A stabllity and control tests were
to determine the capability of the helicopter to perform its intended
migsgion and to verify compliance with the requirements of the
wilitary specification (mil spec) MIL-H-8501A as amended by devi-
ation 19 of tha detall specification (vef 4, app I). Speclal tests
wore conducted to evaluate the alreraft'’s handling qualitles

during firing of the X¥M27EL armament subsystem and under varlous
conditions with skis fastened to the skid landing gear. A quali-~
tative analysis was performed to determine the slope~launding
capability of the OH~58A, maintenance characterdistics and human
factors relating to the helicopter. Specification complionce was

] [ dotermined both with the XM27E1 armament subsyetem lnstalled and
ramoved.

e ———— e

T
:
LY




DESCRIPTION

5. The OH-58A light observatilon helicopter has a single main
rotor, and an antitorque tail rotor which are two-bladed, semirigild
and tentering., The tall rotor also has a delta three hinge. The
cockpit provides side-by-side seating for a crew of two (pillot

and copilot/observer), and the cargo compartment has seats for two
passengers. Dual flilght controls are provided. The cyclic and
collective controls are hydraulically boosted and irreversible, while
the antitorque tailrotor control 1s unboosted., The main landing
gear consists of fixed, energy-absorbing skids. The hellcopter

is powered by an Allison T63-A-700 free gas turbine engine with a
takeoff power rating of 317 shaft horsepower (shp) under sea-level
(8L), standard-day uninstalled conditions. The main transmission
has a rating of 270 shp for continuous operation with a takeoff
power limit of 317 shp (5-minute rating). More detailed aircraft
information may be found in reference 5, appendix I.

6. The XM27El armament subsystem consists of one XML34 hlgh rate
7.62 millimeter (mm) (GAU-2B/A) with mount, feed system and
ammunition Loxes, and one XM70EL weapon sight. The armament sub-
gystem 1s wounted on the left side of the helicupter near the
longitudinal center of gravity (cg). The ¥XM134 gun is adjustable
in elevation from 5 degreaes above to 20 decgrees below waterline (WL)
zero and is operated by elther the pilot or copillot/ebserver. It
will fire at either 2000 or 4000 rounds per minute (rds/min). The
ammunition capacity is 2000 rounds.

SCOPE OF TEST

7. Stability and control testg on the OH-58A were conducted at
forward flight speeds ranging from 30 to 129 knots calibrated
alrspeed (KCAS), MHover and sideward and rearward flight testing
was also performed. Approximate gross welghts (grwt) ranged
from 2245 to 2990 pounds at density altitudes from sea level to
15,000 feet. The longltudinal center of gravity (cg) was varied
from full forward to full aft.

8. Testing was conducted in the armed configuration and with the
XM27El armament subsystem removed. The flying qualities of the
helicopter with the pllot door and the two passenger doors removed
were evaluated and compared with the doors~on configuration.

9. Testlng was conducted in California at Bishop (elevation

4112 Feet), Coyote Flats (elevation 9500 feet), Shafter (elevation
420 feet), and Tdwards Air Force Base (elevation 2302 feet). 'The
test program was conducted from October 1969 to February 1970 aund
consisted of 89 flights totaling 85.3 productive flight hours.

2
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METHOD OF TEST

10, The test methods utilized are outlined in the test plan (ref 6,
app I) and are discussed further in the Results and Discussilon sec-
tion of this report. All tests were conducted under nonturbulent
atmospheric conditions to preclude uncontrolled disturbances from
influencing the test data.

11. An OH-58A helicopter (S/N 68-16706) was equipped wlth sensitive
calibrated instruments. A detailed list of the recorded parameters
is presented in appendix I1, The pllot's comments were used to aid
in the analysis of data and to assist in the overall qualitative
assessment of the flying qualitles of the OH-58A, The Handling
Qualities Rating Scale (HQRS) is included as appendix III.

CHRONOLOGY.

12, 'The chronology of this test:

Test directive issued 7 August 1968
Test plan published May 1969
Teat helicopter received 7 August 1969
First stability and control test flight 6 October 1969
A&FC testing completed 16 February 1970

Draft rcport submitted June 1970
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RESULTS AND DISCUSSION

STATTIC LONGITUDINAL STABILITY

13, Statde 7  itudinal collective-fixed stability and static

trim charac .istics tests were performed. The static longitudinal
stability of the helicopter was evaluated in level flight and climb
by varying the airspeed in increments of approximately 7 knots

uging the longitudinal cyclic control while maintaining the collective
fixed at the trim position. Control positions were recorded

while the helicopter was stabilized at cach incremental ailrspeed
above and below the trim airspeed. Summary plots of the collective-
fixed curves are presented in figure 1, appendix IV, and show the
effects of changes in density altitude (Hp), gross weight (grri),
helicopter configuration, flight condition and cg. Detailed data
plots showing the results of the collective-fixed tests are presented
in figures 2 through 9. The lecvel-flight conditions are listed in
table 1. Collective-fixed tests were also conducted in climbs,

Table 1. Static Longitudinal Collective-Fixed
Stability Flight Test Conditions.

i

%

) Density ' Gross Center
Configuration Altitude Weight of Gravity
(ft) (1b) (in.)
Armed® 880 2,660 105.8 (fwd)
Armed? 6,360 2,660 106,7 (£wd)
Armed? 15,030 2,665 106.7 (fwd)
Armed? 5,960 2,900 106.1 (Ewd)
Armed* 6,290 2,950 L12.1 (afte)
Armed? 6,090 2,68-6_- 106.4 (fwd)
Clean? 5,990 2,620 106.2 (fwd) —#
Clean? 6,040 2,340 111.0 (mid)

1Doors on,
2Doors off,
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1l4. Stetic longitudinal trim characteristics were investigated by
measuring control dlsplacement at trim conditions in level flight,
autorotatfon and climb. Airspeed was varied in increments of approxi-
mately 10 knots by changing powecr. These data arc summarized In
figure 10, appendix IV, and presented in detail in figures 11 through
18. Flight conditions anu helicopter configurations for the tests
werc approximateiy the same as those listed in table 1.

Collective-Fixed Characteristics

15. The longitudinal control position gradient with airspeed was
stable (negative) for all flight conditions during the collective-fixed
testing although the position gradient was weak (shallow slupe) for

the 2340-pound grwt, mid cg condition at a level-flight trim speed

of 59 KCAS (fig. 1, app 1V). A shallow position gradient results

in a lack of control displacement cue as airspeed changes; however, in
this case, it was not of such a reduced magnitude as to be objectilonable
to the pilot (HQRS 3). Since a linear relationshlp exists betwecen

the longitudinal control force and the control position when the

force trim 1s turned ON, the contrel force gradicat was also negative
for all force-trim ON flight conditlons.

16, No clearly defined trend was exhiblted by the cffects of density
altitude on the collective-fixed static longitudinal stability. At

the lowest test altitude (880-ft HD), as shown in fipgure 1, appendix 1LV,
there was a more negative position gradient than for the 6360-foot lp.
At alrspeeds above 65 KCAS, however, the highest test density altitude
(15,030 ft) also resulted in a gradient which reflected more static
stabliity than at the 6360-foot Hp condition.

17. The effects of center of gravity on the collective~fixed staric
longitudinal stability in level flight werce well defined. The stability
was less with aft cg locations. The helicopter exhibited more negative
gradients with lncreasing gross weights., Removal of the doors had no
noticeable affect on static longitudinal stability. Removal of the
weapons system, however, resulted in a more negative gradient (fig. 1,
app IV). The combined effects of changing the individual paramecters
discussed above are shown in figure A. 1n this fipure, the least
negative stability gradlent (2340-1b grwt and mid cg) 1s compared with
the most stable configuration tested (2620-1b grwt and fwd cg).

18. TFor scveral {light conditions, as shown in figure 1, appendix IV,
the longitudinal stability gradient for climb was greater than that
for level flight. For all flight conditions, the climb gradient was
at least equal to the level-flight gradient.
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FIGURE A
COLLECTIVE FIXED LONGITUDINAL STABILITY
CURVE €6 GROSS DENSITY CONFIGURATION
NUMBER ~IN WEIGHT  ALTITUDE
1 |omtrwn 2620 5990 CLEAN (nooas ON
2 111.0(MID) 2340 6040 CLEAN (DOORS ON
-0.06
COMPARISON BETWEEN MOST
- STABLE AND LEAST STABLE
:8 LEVEL FLIGHT co~on1r|on
=X
=2 R
§§—0.04 d 1
2 /
Z) —
(=1
2%
65—002 2
ga ] it )
= /
A 1
Ta8 *lk
uugmzﬂ. 1Y L —
CALIBRATED AIRSPEED ~ KNOTS

Static Longitudinal Trim Characteristics

19. Figure 10, appendix IV, {8 a summary plot which shows the results
of the tests that determined the control positions in forward level
flight, climb and autorotation. A comparison of the weakest control
position gradient with the most negative gradient is shown in figure B.

20, In the static trim characteristics tests, as in the collective-
fixed test, the control position gradients became less negatlve as

the cg was moved aft or groas welght was decreased (fig. 10, app IV).
The weakest gradient for each configuration was evident in autorota-
tion. The difference between climb and level flight was negligible,
Varying the helicopter configuration from the clean to the armed
configuration or by removing the doors had a negligible effect upon
the static longitudinal tiim charvacteristics. For all configurations
tested, the longitudinal comntrel position gradient approached zero
between 20 and 30 KCAS. Positive gradients were found to exist at
lower forward speeds (see discussion on low-speed forward flight under
the heading: Sideward and Rearward Flight, paragraph 58). All control
margins were adequate and met the requirement of the mil spec at the
forward cg; however, at two conditions (figs. 15 aund 17), ar a mid

and an aft ecg, the'm’l spec forward longitudinal control margin
requirement of 10 perxzent remaining was reached at 120 KCAS. The data
indicate that this control margin could not be achieved at light grwt,
full aft cg conditions.

i i
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FIGURE B

LONGITUDINAL CONTROL GRADIENTS

CURVE G GROSS  DENSITY CONFIGURATION

NUMBER ~IN WEIBGH'I' AI.FTTITUD!

1 1os.9(rwn} 26958 6V40 CLEAN &oooas ON;
2 1M1.(MID) 2360 6030 CLEAN (POORS ON
=008 G MPARISON BETWEEN MOST
EXTREME LEVEL FLIGHT CONDITIONS
Pl
00~0.06
=z / /
g5
OF
3% 004
Zy L \
g»—
= / \
O
23
%o 40 60 80 100 120 130

CALIBRATED AIRSPEED ~ KNOTS

21, At the highest. airspeed tested (approximately 90 KCAS), autoro-
tations required 2 to 3 inches more aft cyclic stick displacement
than did climbs., The longitudinal cyclic deviation between autorota-
tion and climb exceeded the 3-inch limit (para 3.2.10.2 of the

mil spec for three test conditions at 90 KCAS (figs. 12, 17 and 18,
app IV). Since the helicopter configuration, cg, and gross weight
were different for each of the three instances, no consistent trend
could be defined. It was noted that for several other conditions
tested, the longitudinal cyclic deviation between climb and autoro-
tation approached the limit of the mil spec at the highest alrspeed
tested. Qualitatively, however, this deviation was not objectionable
to the pillot during flight.
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22, There was generally less than 1 inch of lateral cyclic vari-
atlon between climb and autorotation. Pedal displacement between
c¢limb and autorotation varied from 1 to 2 inches, Variations in
the lateral cyclic movement and pedal travel with changes in air-
speaed were insignificant, The mil spec requirements (para 3.3.17)
for the lateral cyclic travel were satisfied.

23. A few minor problems were encountered during the static longi-
tudinal stabillity testdng., It was difficult to malntain precise
rotor rpm control during aulorotation, Ze, small variations in pitch
attitude or sideslip angle would cause lacge fluctuations in rotor
speed (*20 rpm). This condition should not pose a problem for normal
misslon accomplishment. Coptrol of rotor speed in autorotation was
congiderably easier at a 15,000-foot Hp than at 6000 feet. Also, it
was easler to stablilize on level-flight points at the higher alti-
tude. During the low-speed testing (below 40 knots indicated air-
speed (KIAS)), stabilized flight was relatively difficult to maintain
because of the apparent influence of the aircraft long-period mode
and a slight Dutch-roll oscillation which occurred occasionally
(discussed more fully under the heading: Stalilc Lateral-Directlonal
Stability).

24, For all flight conditions, cyclic control forces could be
easlly reduced to zero by the use of the force trim gystem. 'Stick
jump' (an unwanted control motion resulting from pressing the force
trim button while a force is being held against the cyclic control)
was negligible during the flight testing. There was no evidence of
cross-coupling between the cyclic and the collective controls
during flight with the boost ON, Notwithstanding the mil spec
noncompliances mentioned in paragraph 21, the static longitudinal
collective~fixed and trim characteristics of the helicopter were
satisfactory for all conditions tested (HQRS 2).

STATIC LATERAL-DIRECTIONAL STABILITY

25, Statle lateral-directional stability was tested under the flight
conditions listed in table 2. The tests wece conducted by establish-
ing a trim airspeed with zerv sideslip and varying the sideslip angles
while maintaining constant ailrspeed and ground track. The boom-
mounted, pitot-stacic swivel probe used during the stabillity and
control testing, eliminated sideslip-induced errors in the indicated
alrspeed, Control positions were recorded for each steady-heading
sideslip., The results of the static lateral-directional stability
tests are summarized in figure 19, appendix IV, and presented in detail
in figures 20 through 29. A comparison between the most stable
(2670-1b grwt, fwd cpg) and the least stable (2360-1b grwt, mld cg)
lateral and directional control position gradients 1s presgented in
figure C.

auh_ ema mesdedt a.

!
!
|




T

PR

s mep

=

B DS

FIGURE C
STATIC LATERAL DIRECTIONAL STABILITY GRADIENTS
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PEDAL

26, The directional control pedal position versus sideslip gradient }
1 was stable (negative) for all level flight and climb flight conditions
i and aircraft configurations (fig., 19, app IV). The pedal position

4 gradients decreased with decreasing gross velghts and aft cg movement. \
y Pedal positlion gradients increased with increasing airspeed for all

3 flight conditiongs. Density altitude variations ‘showed no clearly
defined trend. 'The effect of other test condltion variables was negli-
gible (Ze, dours and armament subsystem configurations) upon the
level-flight, static lateral-directional stability.

27. Bank~ungle gradlents were essentially linear which indicates

) . that there were positive side force characteristics for all level-
flight and climb conditions testnd. Side force increased with
increasing alrspeeds and provided strong cucs ns to the directional
stability of the helicopter.
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Table 2, 5Static Lateral-Directlonal Test Conditions.
Configuration Algz;de SZiZtsn: ofcgzzxezity F;I.ﬂi)gﬁt
_ ' (1b) ab) .
Armed! 1,660 | 2,735 | 105.9 (fwd) Level
Armed! 5,980 | 2,570 | 106.9 (fwd) Level
ammedd [:_}:790 2,620 | 107.0 (gwa) | SH©b,
Armed! “ 14,920 | 2,670 | 107.2 (fwd) Level
Armed!? 6,020 2,840 105.6 (fwd) Level
Armed? 5,930 | 2,960 | 112.1 (aftj Level
Armed? 5,990 2,655 106,5 (fwd) Level
Clean! 5,970 | 2,650 | 105.7 (fwd) Level
Clean! 6,120 2,360 111.1 (mid) Level
1poors on.
?Doors off.
10
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28, Lateral cyclic control position pradients approached zero at

53 KCAS in level flight and 49 KCAS in climb at sideslip angles
greater than 30 degrees both right and left (flg. 21, app IV).
Although effective dihedral was weak at the high-sideslip angle flipght
conditions, it was not an objectionable characteristic for normal,

. operational flying at low-sideslip angles. The effceetive dihedral

f was found to increase with increasing gross welghts and dincreasing

h airspaeds. The effect of varying the cg was negligible (fig. 19).

29, TIn autorotation at 49 KCAS, the pedal-position gradlent
(Lig. 22, app LV) was essenllally neutral at the zero-sideslip
point, For the same flight condition, the lateral stick~position
gradient and the dihedral cffect were unstable (negative) for sildeslip ﬂ
angles greater than 25 degrees left, slightly stable (positive) 1
between 25 degrces left and 30 degrees right, and neutral above a
30~degree right sideslip. In autorotation at 85 KCAS, a reversal
(£rom positive to negatilve) in the slope of the lateral control
occurred at sildeslip angles of approximately 15 degrees both right
and left (fig. 23). Qualitatively, this gradient reversal would
not be objectionable to the pllot during normal wlssion flying.
Bank-angle gradients found during autorotation indicated the presence
of a linear side force characteristic which lancreased in magnitude
with alrspeed. The operational pillot could fly the helicopter
inadvertently in a small degree of sildeslip in eithor direction, while
A performing a low alrspeed autorotation, because of the combination

’ of a woak positive dilhedral effect and a weak pedal-position gradient
[ (IIQRS 3)., This cundition should not adversely affect mission accom~
plishment,
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30. During the statlc lateral-directional stability testing, a
significunt Dutch-roll oscillation was encountered at left sideslip
angles of approximately 5 degrees. Typlcal time historics of the
osclllation are shown in figure D and also in fipgure 30, appendix IV.
The oscillation was moderately damped at lower airspeeds, but the
danping effeet decreased as ailrspeed was increased. At the higher
alrspeeds the Dutch-roll oscillation was neutrally damped. Damping
increased when the doors were removed and when the armament subsystem
was not installed. The oscillation i1s not likely to oceur during the
normal operations (when the helicopter is in a zero-sideslip or slight
right-sideslip condltion) except during very turbulent conditions,

but would be extremely objectlionable during firing 4if the pilot inad-
vertently placed the helicopter in a slight left sideslip (UQRS 4).

In such a situatlon the firing accuracy would be gignificantly depraded.
Corrcctlon of thisg shortcoming 1s desirable. ’
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31, At right-sideslip angles greater than 15 degrees with alrspeed

at 80 KCAS or greater, a high-frequency (21.5 UHertz) vibration was

evident in the helicopter. The source of the vibration was observed 3
to be a small amplitude, lateral vibration about the lougltudinal "
axis of the upper vertical stabilizer. A photographic record was '
made of this vibration. The condition would normally not be ancoun-

tared during an operational situation where sideslip angles seldom

reach this magnit-'+ and is not considered a problem.

32. 1In general - ovarall static lateral-directlonal flying
qualities of the Un-5BA were acceptable (HQRS 4). The requircmunty
of paragraph 3.3.9 ¢f the mil spec were not met in autorotation

at 85 KCAS for the lateral stick and pedal gradients (fig. 23,

app IV), in that the gradients were not approximately linear. Also,
some gradlents were slightly unstoble (figs. 22, 23, and 29) at
various alrspeeds, These characteristics were not objectionable

in £light; however, the previously discussed shortcomlng accounted
for the relatively low pilot rating of the Ol-58A in static latcral-
dircetional stability.

DYNAMIC STABILITY

33. lLongltudinal, lateral, and directlonal dynamle stablllty
characteristics of the helicopter ware tested at approximately the
same conditlons as listed in table 3. Representative results are
presented as time historles in figures 31 through 36, appendix 1V.

34, The longitudinal, lonpg-period dyramic stability characteristlics

were evaluated by stabillzing the helicupter at tiim alrspced and

then increasing and decreasing the alrspeed by desired increments

using only the cyecllc control. ‘LThe controls were then returned to

the trim position, and the hellicopter rcsponse was observed by the

pllot and rocorded on an oscillograph. The long-period oscillatory -
node was convergent for all level-flight condltions, the damping !
Incressed with dnecrcasing airspecd, In g maximum=-power climb, the

long=period mode was divergent at 35 and 49 KCAS, and damped at

80 KCAS. The perilod of the oscillation was approximately 20 scceonds

for all flight conditions. Damping was well within the limits

of paragraph 3.2.11 of the mll spec. There was no control coupling

present, nor waa rotor overspeed a problem, The long-period mode

was easlly cxelted at low alrspeeds (below 40 KIAS) during level-flight

tosts (para 23); however, thils characteristic should not be debrimental

to mission accomplishment.

13
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35. ‘The longitudinal gust response characteristics of the helicopter
were tested by applying cyclic pulse inputs to excite the aircraft
gshort-period mode, The test results are presented in figures 31 and 32,
appendix IV. Tor all conditions tested, the short-period mode was
heavily damped, and the requirements of paragraph 3.2.11 of the mil spec
were met., The longitudinal dynamic stability of the helicopter was
satisfactory (HQRS 2).

36, Latcral guat response characteristics werc tested by applyiug
lateral pulse inputs to the cyclic control (figs. 33 and 34,

app TV). The splral stability characteristics (ability of the
heldlcoptar to return to level flight after a disturbance in the
roll axls) indicated a neutral mode, This was most evident during
turbulent flight conditions where constant, small lateral control
corrections were necessgary., Neutral spiral stability was accept-
able for the tasks tested (HQRS 3), although it would be objec-
tionable if the hellcopter were to be flown under instrument flight
conditions,

37. Pedal pulsc inputs resulted in lightly to moderately damped
vuw oscillations (flgg, 35 and 36, app IV). Yaw damuping varied
directly with airspead and varied invergely with altitude. At

a 3,000-foot Hp, the yaw axis damping ratlo, determined by the
translent peak ratlo method, was 0.15 at 63 KCAS and increared

to 0.30 at 108 KCAS, A direcctional disturbance usually resulted
in a slight nogsc-down piltching of the helicopter. This character-
istic was acceptable for the . tasks being evaluated. A lightly
damped, Dutch-roll oscillation was occasionally generated by the
pedal pulses. 'lhis oscillation was also encountered during the
static, lateral-dircectional testing as discussed In paragraph 30.
The dynamic lateral and directdional flyilng qualities were satls-
factory for the tasks tested (HQRS 3),

CONTROL RESPONSE AND SENSLTIVITY

General

38, The longitudinal, lateral and directional controel response
(maximum anpgular rate per inch of control input) and sensitivity
(maximum anpgular wcceleration per inch of iInput) of the helicvopter
were tested at the fllght conddtions listed in table 3. The step
input method was used for thesc tests. Each control was rapidly
displaced and then held firmly against a rigid fixture until the
maximum rate was reached or until recovery became necessary.
Resultant attitudes, wates and accelerations were recorded on an
oscillograph., The results are presented in figures 37 through 58,
appendix IV, The helicopter responded in the proper, divectilon

14
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E! in oll axes complylug with the requirements of paragraphs 3.3.16
b_ ‘ and 3,2,9 of thoe mil spec, The control power (helicopter angular
¢ digsplacenent pur inch of control input pur seccond) for all axes
# | mat the minimum requirements of tha mil spec.
?& ! Table 3. Countrol Response and Sensitivity Lest Conddtions.
,? Density Gross Centor 1 Lalt
? i Configuration Altitude Walght of Gravity c Iltéi
jk, (£e) (Jb) (iu ) ondltion
L?"' o F SR ER St I okt S ~TTeamanaazsTien pimememm
4 Armed? 30 | 2,655 106.1 (Ewd) llover 0GCE?
¥ e oo oot emenmeen - su e
EL i Armed1 3,910 2,685 106.2 (fwd) Hover OGE
;‘j Armed? 10,530 2,510 109.1 (mid) | lover OCL
e \ vrerr  momr 11 escermborm et o e e eem e frees 2 o e e e}
§‘| Armed??? 270 2,960 106.0 (fwd) llover OGH
Bl P s - TS N, B B L e e ey
¢ i
&‘1 Armudl’a -930 2,810 111, 9 (aft) llover OGE
i NI N . e e ]
b
5 | Armed* 5,960 2,700 107.0 (Ewd) | LEY, C°, A°
b S VOSSR S U S S 4 e e
. | st | e300 ) 2se | 1056 (e |, @ 0
+
B i Armed? 6,140 2,830 112.0 (aftk) LE, ¢?, A®
L_. Armudl ]4,900 2, 660 106.9 (fwd) L¥
Armtdl’a 3,150 2,680 106,1 (fwd) F ]
oo SN S 2 _ -
Clean!??® 5,720 2,675 105.2 (£wd) LF, C, A
e e S N R
Armed 37 5,950 2,620 1064 (fwd) 1F, C, A
Doors on. [Lvel fllght,
*out of ground effect. S¢linmb.
his condition was tested, bAutorotation.

but the data are not presented. "Doors off.
Longlludinal

39.  The maxlmum lLongltudinal countrol responsc could not be

measured In hover, Recovery lnputs were required prior to reaching

the maximum plteh rate In order to avold extreme alreraft attitudes.

Therefore, longltudinal control response in hover was measured

L sceond after the step lnput wag Inltlated. The plreh rate deereascd

as alrgpeed Increased and ranged from 10 deg/sec/in. (up and down)

in hover at a 3910-Foot U to 5.5 dep/sec/la, (up) and 4.5 deg/sec/in.
15




(down) at a 5960~ foot Hp and 115 KCAS. The effrects of different
gross welghts, cg's, density altitudes and flight conditions (c.Liub
and autorotation) were negligible (figs. 37 and 38, app IV), The
pitch~axig rate damping met the requirements of paragraph 3.2.14 of
the mil spec. An Iy, of 1947 glugs/ft2, supplied by Bell Helicopter
Company, was used to determlne this specification compliance.

40, Alrspeed significantly affected the downward pitching sensltivity
which ranged ¢from 15 deg/secZ/in, in hover to 10 deg/sec/in. at

115 KCAS. The upward pitching acceleration remained essentially
constant. Moving the location of the cg had no noticeable effect on
the longitudinal sensitivity. The effects of different density
altitudes and flight conditious were also negligible. Increasing

the gross weight from 2690 to 2980 pounds increased the sensitivity

by approximately 2 deg/sec? /in. The longitudinal control response

and sensitivity were satdsfactory (HQRS 2).

Lateral

41, The maximum lateral control response in hover was 24 deg/secc/in.
at a minus 30-~foot H and exceeded the 20-deg/sec/in. limitation of
paragraph 3.3.15 of the mil spec (figs. 39 and 40, app IV). This
limitation was exceeded at several other flight conditions but was not
considered to be objectionable. At a 3910-foot Hp, it was 20 deg/secc/in.
(both right and left). Lateral control responge decreased at 49 KCAS
to approximately 14 deg/sec/in. (both right and left) but increased
with additional increases in alrspeed and measured 22 deg/sec/in.
(right) at 115 KCAS. 1In forward flight, the effects of different
helicopter configurations, altitudes, gross weights and cg's were
ingignificant, In a hover, however, the lateral response decreascd

ag density altitude increased. Changing the flight condition at a
conatant alrspeed rcgulted in the most significant varilation in lateral
control response. At 49 KCAS, the rate varied from 10 deg/sec/in.
(both right and left) in autorotation to 20 deg/sec/in. (both right
and left) in climb. Level-flight response at 49 KCAS was 13 to

14 deg/scee/in, These variagtions are assumed to have resulted from

the changes in rotor thrust. The control response increased as thrust
increased., At greater alrgpeeds, the lateral response also varled
more between right and left step inputs. The differences between

the inputs ranged from zero in hover to 4 deg/sec/in. at 115 KCAS.
Although the latcral rate damping did not meet the minimum requitement
of paragraph 3.3.19 of the mil spec, it did comply with deviation 19
of the detall specification (ref 1, app I).

42, The lateral sensitivity increased slightly with increasing
airspeed and ranged from 30 deg/sec2/in. (left) in hover to

34 deg/sec?/in. {both right and left) at 115 KCAS. At 49 KCAS, the
acceleration varied from 20 deg/sec?/in. (both right and left) in
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autorotation to 32 dep/sccZ/in, (right) In climbs. Level-flipht

. sensltivity at 49 KCAS was 206 deg/sce?/LIn. (right) and 24 deg/sced/in.
¢ (left). "This nonllncar varlation with alrspeed (which is slnllar to
the lateral response variation) was not objectionable to the pllol,
Moving the cg aft Lncreased the lateral sensitivily by approximately

- 4 deg/scc?/in, Groas weight, denslty altitude, and hellcopter con~
ﬁii figuratlion effects were nepliglble, The lateral control response
{' and sensltlvity are constidered to be satisfactory (UQRS 2).

Directional

|
] 43, 'The maximum directional control response dn hover could not
! be measured since the rate lncroasged steadlly with time, indlcoting
] a lack of yaw rate damping (figs. 57 and 58, app IV). Thig char- /
‘ acteristic 1ls an undesirable shortcoming (IIQRS 5), and correction
i is recommended, Yaw rate should reach a maximum value quickly,
ﬁ dependent ouly upon the magnltude of the control displacement and
T not upon the duratlon of the 1nput, As a resull of the luck of yaw
1 rate damping, the time to recach a maxlmum yaw cate could not be
] aeasured as alreraft recovery was necessary before the maxlmum rate
i vag attalned, Using the "time coustant" motnod of determining ficst
|
|
|
l
!
|

: order rate dampilng,
¢
‘e
" Moment of Inertia
¥ .r s ity e - LAl
¢ where: Dawping = Time to 0,63 Max Rate

. the rate damping approached zero since time to reach the maxinum

o rate was oeoxcessive, Thevefore, the minlwmum yaw rate damping

o requirement of paragraph 3.3.19Y9 of the mil spec was not met., A

' I,, of 1534 slugs/ft2 guppliced by Bell Hellcopter Company was uscd

! to dotermine this gpecification noncompliance, The response In

hover was measurced 1 sccond after the step loput. Jhe maxlmum

directional control response measured occurred in hovering Ellight

and reached a value of 49 deg/sce/in, for the right pedal step input

at a 30-foot U, (figs. 41 and 42, app 1V). The mlnimum directional

| control response was L1.0 deg/sece/ln, to the right and occurred 5
I during forward f£light at 06 KCAS and ut a 14,900-foot Hp. Alrupced

' f was the most sipnlflcant varlable which affected directlonal control

AL T N

response and scengdtivity at alrspeeds of less than 38 KCAS,  Buth
rates and accelerations increosed ay alrspecd decreased.  The maximum
control sensltiv.ty was 68 deg/sauzlln. (both rlght wad left) which
algo occurred in hover at the same [1ipht conditlions ag the maxinum
control regponse, The minimum sensitlvity was 33,5 degp/see?/iu,
(both ripht and left) and occurred at the same Flipght condltions

ag the minlmum response describad above,

44, In level flipht, the rates and accelerotlons decrenased signil]-
cantly as density altidtude increased. The effects of difforent

I st
H
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gross walghts, cg's or helicopter configurations were inglignifilcant,
X and there wag no appreciable varlation between level flight, climb
4 and autorotatiou.

SRR

b 45, Longitudinal and lateral couplings were cvident during directional-

¥ control response testing., A slight downward piltching motion and a roll ,

; ] in tho direction of the yuw resulted from the pedal step Iinputs. This 1
£y 1 coupling would not adversely affect mission nccomplishruent. '
W ;
% }

MANEUVERING STABILITY
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46, The maneuverlng stability characteristics of the hellcopter were
tested for the flight conditions listed in table 4. The symmetrical
pull-up wae the primary test technique used during the testing. Tor
this test, the helicopter was trimmed in level flight at the desired
airspced after which a cyclic pull-up to a slightly higher altitude
was initlated. A dive was then established, and the helicopter way
accelerated to near trim alrspeed. A symmetrical pull-up was exe-
cuted so ag to pass through the required trim airspeed, altitude,
pitch attitude and the desired load factor, gimultaneously. Longli- _
tudinal stick force and normal acceleration were recorded at each .
| test point., The results are summarized in flgure 59, appendix IV,

and presented in detall in figures 60 through 62. The maneuvering ]
stability characteristics were spot-checked during turns at the !
&.i 2700-pound grwt and forward cg. The results ¢re compared with corres-
ff | ponding data obtained in pull-up maneuvers shown in figure 90.
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f; ; Table 4, Maneuvering Stability Flight Conditions.
I'.; Density Gross Center Hydraulic
. Conflguration Altitude Weight of Gravity Boost
: (ft) i .(%b) N (in.) Sys tem
| Armed? 5,230 2,705 107.1 (fwd) On
| Armed? 10,950 2,675 107.0 (fwd) On
- Armed? 4,950 2,990 106.2 (fwd) on
i .m_.ﬂ...m,.g......i.,H_WJW___,_. RN P R D
Armed 5,350 2,970 112.2 (aft Oon
| Awmed” 3330 ) 2,970 | 122 (afe) | On
Armad?! 5,390 2,630 106.9 (fwd) Off
Armed® 5,080 2,680 106.4 (fwd) on ;
| e T d..
| Clean? 5,200 2,650 106.0 (fwd) on
l 1Doors on, 2Doors off,
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47+ 'The boost~ON stick force gradicent relative to the acceler-
ation (¥s/g) was positive for all conditlons tested, fe, a greater
aft eyclle force was required for an increased load factor. The
force gradient depends entirely on the spring effect of the force

trim system. The gradicnts became more pesltive with dncreased
gross weight (increcasing from 4.43 1b/g at 2705 pounds to 5.83 1lb/g

at 2990 pounds. The gradients also increased as the cg was moved

forward (fig. E). Changing the afrspeed, altltude or helicopter
configuration had no significant effect on the stick force gradients.

FIGURE E
MANEUVERING STABILITY
CURVE CG GROSS  DENSITY
NUMBER ~IN WELGHT ,‘.‘,}'T"“D‘

1 106.2(FWD) 2990 495
2 112.2(AFT) 2970 535

5.83 LB/G
/
A S ),/ S
/./
34

0
0

AT

LONGITUDINAL STICK PULL FORCE

FO LB/G
I R e e e ot e r —— - -
"y
wl
2 q 1
.0 1.2 1.4 1.6 1.8

NORMAL ACCELERATION ~ G'S

48. The maximum normal acceleration recorded was 1.9 g's at a
2650-pound grwi. It was not possible to reach the llmlt load factor
of 2.8 g's, Although stick-force-per~g gradients are light, it is
not likely that the helicopter will be overstressed during normal
operation becausao of the large pltch attitudes required. The heli-
copter did not tend to woll in elther direction during symmetrical
pull-ups, nor was any rotor overspeed encountered. At the highest
airspecd tusted (100 KCAS), blade stall was experienced (as evidenced
by a severe 2-per-rev vertical vibration during pull-ups from dives).
This vibration was not transmitted through the control system, and
adequate warning was provided. The effect was not a problem at the
conditlons tested,.
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FORWARD

49, Typlcal time history plots of normal acceleration during sym-
metrical pull-ups are shown in figure F and also in flgure 61, appen-
dix IV. Although the normal acceleration decsyed slightly after an
inltial rise, it then continued to builld and became concave downward
within 2 seconds following the start of the maneuver. It then remailrcd
concave until maximum acceleration was attained. This characteristic
met the requirements of paragraph 3.2.11.1 of the mil spec. 'The heli-

copter stick-force~per-g characteristics (boost ON) were satisiactory
(HQRS 3).

FIGURE F
SYMMETRICAL PULL UF

R R A gy

PP IR P W

(o ] BROSS DENSITY CALIBRATED
~IN W!&OHT ALTITUDE AIRSPEED
~ L ~ FT ~ KTS
107.0(FWD) 2700 5230 80
e
1.5
FULL LONGITUDINAL
\ CONTROL TRAVEL=12,00 IN
4
\ ///’/,//’*‘\
6_______J T
5
40 1 2 3 4 5
YIME ~ SEC

50, The maneuvering stability of the hellcopter was tested with the
boost OFF at a 2650-pound grwt, a 5390-foot Hp and a forward cg con-
fipuration (filg. 62, app IV). Control coupling existed between the
longitudinal cyclic stick and the collective pitch, 7e, railsing the
collective transmitted a pull force to the cyclic while lowering

the collective resulted in a cyclic push force. A qualitative eval-
uation of the test results showed that positive aft cyvclie forces
were required to obtain positive load factors; however, there was no
congistency in the stick force gradient. Because of the excessive

20




collective and cyclic control forces, the boost-O0FF mancuverinyg
characterlstlcs of the helicopter are consldered to be satisfactory
for emergency operations only (LIQRS 6). The correction of this
shortcoming 18 rccommended.

STDEWARD AND REARWARD FLIGUT

51. Sideward, rearward and forward [light tests were conducted to
determine the hovering capabllity in pround effect (IGE) of the
helicopter in winds of various speeds and azlmuths., Azimuths wuore
varied in 30-degree dncrements measured clockwlse from the nvse of
the hellcopter. The test conditions'are listed in table 5. Side-
ward flights were performed at ailrspeeds up to 35 knots true alrspecd
(KTAS), and rearward flights were performed at airspeeds up Lo

30 KTAS (as limited by ref 1, app 1), Gross welght was varled from
2490 to 2980 pounds, and density altitude was varicd from minus 1600
to 10,530 feet. The results of the teste are pregented in flpures
63 through 76, appendix IV,

Table 5. Sildeward and Rearward Ulipht Tast Conflpurations.

Cross benslty Center
Configuration® Welght Altitude of Gravity ]
(1B (ft) (in.) 1
Armed? 2,630 3,770 106.9 (Fwd)
Armed? 2,680 -10 106.5 (Lwd)

. ] 4
Armed? 2,490 10,530 108.7 (mid) 4
Armed?® 2,980 150 107.5 (Fwd) 1

a3 . _ 106.2 (fwd) )
Armed™ i 2,960 l,GOOﬂ '2‘4m<lff5“iffl_l i
Clean® 2,675 ~970 106.4 (fwd) 1

1Doors on.,
“Azlmuth sweep (30-~degree increments).
894deward, rearward and forward (90-degree [nerements),

52, 'The capability of hovering in crosswinds of various speeds and
azimuths was adequate for most of the conditions tested. Howrver,
in left sldeward flight at speeds from L5 to 25 KTAS and wind azimuths

of 240 and 270 degrees, the helicopter was didrecetlonally unstable {
N -‘
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necessitating large pedal force inputs to maintain a steady heading
(HQRS 6). Time histories of left sideward flight at 15 KIAS are shown
in figure G and also in figure 76, appendix IV. At alrspeeds greater
than 25 KTAS, the ilnstability was not evident. All control margins
wore adequate for both right and left sideward flight up to 35 KTAS
and complied with the requirements of the mil spec (as amended by

ref 1, app 1). The requirement of paragraph 3.3.5 of the mil spec (to
execute a complete turn in cach direction in a 35-knot wind) was not
checked because of the unavailabllity of a 35-knot wind. However, the
sideward and rearword flight data indicate that the ailrcraft does comply
with this requ’rement, The directiomal instability in left sideward
flight at L5 to 25 KIAS 1s a shortcoming, and correction 1s desirable.

FIGURE G
LEFT SIDEWARD FLIGHT AT 15 KTAS
<6 GROSS  DENSITY
~IN WEIGHT ALTITUDE
~ LB ~FT
107.5(FWD) 2980 150
i '&"
|~
am ] 1] SET—— /A
W r/\/ j
:g 0 J s =
30, ’\/ \ \
> o
Zs
90 3 FULL PEDAL TRAVEL
S 2N L VA e
A,
i
__‘ l cee e b e
213
e
60— .
[-4
© 40
* N
w20 A \A
4
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Q
a 20} [\U U l
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53. The position of the cyclic control was uncomfortably aft at

the higher rearward flight speeds. At 30 KITAS with the doors on,

the cyclic came In contact with the aft control stop several times
while the pilot was correcting for minor longltudinal disturbances.
The average margin of aft longltudinal control remaining reached

the amended specilfication liwmit (ref 1, app I) of 5 percent at

30 KTAS, forward cg but never exceeded the limit (fig. 75, app IV).
Tv i3 doubtful that the helicopter could hover In a forward cg
doors—on conflguration with a taill wind that exceeds 30 KTAS and
still have the contrcl margin required to overcome possible nese-down
pltching. Hovering at such conditions is, therefore, not recommended.
It is recommended that a caution note be placed in the operator's
manual (ref 5) warning against hovering in a taill wind in excess of
30 knots,

54. ‘There was no resultaat change of any control marpin caused by
the removal of the gun., For all conditions tested, the only effect
of moving the lateral cg to the full left location was that the
cyelde control had to be moved 1.7 inches farther to the right than
during the mid luteral cg location testing.

55, The cffects of gross welght and density altitude changes were
determined by varying the thrust coefficlent (Cp)., At the greatest
Cp tested (0.00343), an additional 0,7 inch of left pedal displacement
was required [or all flight conditions as cowmpared with the lowest

Cp of 0.00260. At 35 KTAS in right sideward flight at a Cr of 0.00343,

the left pedal control margin reached 5 percent (fig. 72, app IV).

At a greater Cp (increased grwt or higher Hp), Lt would probably be
impossible for the alrcraft to comply with mil spec control margin
requirements for right sideward flight at 35 KIAS. The right sideward
flying qualities are satisfactory for normal operation.

56. The wind azimuths at which the control marging reached thelr
lowest points are listed in table 6. The critical azimuths (headings
of the helicopter relative to the wind which provided the minimum con-
trol marging) were identical for all test conflgurations listed in
table 5., Typleal results are shown for one configuration in figures
63 through 69, appendix IV.

Table 6. Critical Azimuths.

ik Scathe 51

Critical | Control Margin True
Control Flight Condition | Azimuth Remaining Alrspeed
(deg) o _(%) L (kt)
Left pedal Right sideward 90 5 35
Aft cycllc Rearward 180 5 30
A

o i e el it S ol e i, o5l AN i il 2




57, Figures H and J show the pedal and longlitudinal stick positions

at the critical azimuth conditions where the control margins reached
the amended specification limit of 5 percent (ref 1, app I). These
margins were encountered only during the most critical conditions tested
(cg, grwt, Hp, and alrcraft configuration),
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58, A longitudinal stick reversal, which indlcates a lack of
static longltudinal trim stabllity, occurred from 20 to 30 KIAS
| in low-gpeed forward f£light., The longitudinal stick position
shifted aft 0.6 to 0.9 ilnch, depending on the confipuration, as

] alrspeed was increased. The longitudinal stick-positlon gradient
vt . changed sharply from ncarly neutral at airspeeds between 5 KIAY

1 rearward to hilghly nepative (-0.43 in./kt) at airspceds between
d 5 and 10 KIAS rearward., At rearward alrgpeeds exceeding 10 KTAS,
the gradient was slightly negative (<0.037 in./kt). These discou-
tinuities weore not objecctionable to the pilot and are not considered
7 to be shortcomings, i

AUTOROTATIONAL ENTRY J

" 59. Simulated cngine-failure tests (throttle chops) were conducted
N in level flight and durlng maximun-power climbsg and maximum-power
. dives up to the never excced aifrvspced (Vyg) in the armed, doors-on

configuration., The helicopter was trimmed at a glven flight condi-

’ tion, and theo throttle was abruptly closed to the flight idlo

' position to simulate a suddon engine failure., Tho flight controlu
| were hold fixed as long as possible (up to a maximum of 2 uwecouds)
’ to simulate the normal delay in pilot reaction tlme following an
! actual engine failure. Tho resultunt waximum pitch, roll and yaw
J rates werc recorded and plotted, as were the roltor docay rate

and the time delay. The results of thesce tests, which include a

b
- time history plot, arc presented in figures 77 through 80, appen-
5 dix IV. The flight conditlons tested are listed In table 7.
|
: Table 7. Autorotational Entry Test Conditlons.
.
| Coenter Cross Denglty Calibrated
of Gravity Weight Altlitude Alrgpeed Ranpe
| (in.) (1b) (£t) (kt)
. [ 106.3 (fwd) 2720 3150 35 to 129
;, | e e cvaan s e i eme e s e f e e e PRI SN c———— . i e mem e e B
" 112.0 (aft) 2920 2250 35 to 129 |
! R U SOy UUD! RO LT
! 112.4 (aft) 2920 9850 35 to 128
i 60. Generally, the reaction of tha helilcopter followling a throttle
oo chop was characterized by a slight nosc-up plteh durdng the first
; r sccond followed by a substantial nose-down pitehing motlon, The

P e

Indtial upward pitching motion was hardly notilceable in flight and

did not exigt at the bhiphest alrapeed (129 KCAS), forward cp condltion.

The secondary downward pitching was more pronounced, particularly
at the greater alrspecds.
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6l, The reactilon of the helicopter following the throttle chops

was also characterized by a left yaw and left roll duv all instancoes.
The reoll rates Incrcased with dncreasing alrspced, while the yaw
rates decrcased as airspeed was increasad. Yaw rates at the lower
alrspeads (during climb and level-flight testing) werce high and
excoeded 20 deg/sec ot the lower altitudes, Control effectiveness
in recovery was adaquate in all instances.

62, It was seldom possible to walt for a full 2-second delay between
"rolllng off" the throttle and lowering the collective control because
of the rapld rate of rotor decay. In all instances, the collective
was hold flxed until 1t became necessary to lower Lt in order to
arrest the rotor decay rate at or just above the minimum safe tran-
slant rotor spced of 304 rpm. The time required to fully reduce the
collective averaged 0.5 second durdng which an additional 10 rpm

were lost., This tilme 18 not included in the delay times as presented
in this report. At a 2250-foot Hp (the lowest test altitude), the
maximum acceptable time delay before application of centrol was

1.86 seconds (fig. 78, app IV). The minimum tlme delay was recorded
at a 2250-foot lp and was 1.16 saconds (fig. 78) during a maximum-power
climb at 49 KCAS. At the 2250-foot Hp and at a 3150-foot Hp, the
2~gacond time delay requirement of paragraph 3.5.5 of the mil spec
could not be met. At a 9850-foot lp, the mil spee requirement

(para 3.5.5) was met only for level-flight speeds of less than 8Q KCAS.

63. At all altitudes, the low-alrspeed (approximately 49 KCAS)
maximum-power climbs resulted In the highest rate of rotor decay
after the throttle chop and required rapid corrcctlve action by the
pllot., Muximum delay time at thie flight conditlon was 1.63 seconds
at a 9850-fout Hp (fig. 79, app IV). After the minimum rpm was
roached, the rotor speed recovery rate (rotor gpeed bulld-up to
obtaln a normal rate after the coliective is lowered) was slower
from climb throttle chops than from the level-flight and/or dive
conditions., 1In level fllght, the rotor specd decay rate dncreasced
ag alrgpeed incrcased, but the pilot response time was not as
critical as 1t was during climb,

64. Warning of ongine failures was adequate for all conditlons tested.
There was a dJdigtlnct decrease in sound level as the throttle was
cloged which was accompanied by an [nstantancous yaw to the left.

The slight Instantancous pilitching motion did not provide an adequate
cue, Thore were no side forcos or normal acceleration forces (posi-
tive or negative) of sufflelent magnitude to be objuctionable. Col-
loctive coupling was not observed, The average delay time for all
conditions tested wus acceptable, but rapid pllot compensation was
required In climb. Rotor specd respouse to varilatlons In collective
gebtlng and airspeed was sensltive and requlred congtant monitoring.
Rotor speed fluctuatlons were not large, however, and an inexperilenced
pilot dn an actual cmergency would probably have no difflculty keeping
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the rotor spead within limits. Although considerably more aft cyclic
was required in autorotation than in level flight (para 21), conttol
marginsg were ample, The overall autorotational entry characteristics
of Lthe OH-5BA are satisfactory (HQRS 3).

HOVERING STABILITY

65, 'Lhe stability of the OH-538A helicopter In a hover was satis-
factory for the pitch and roll axes but was unsatisfactory in yaw.
Excesslve pilot effort was required to maintailn precise directionsl
control and to make heading changes. Control inputs which were
requlraed to compensate for heading disturbances often resulted in
modurate pilot-induced oscillations (PI0). The severity of the PIO
was directly related to the heading accuracy required. The lack

of yaw-rate damping (para 43) required tho pilot to make control
inputs to compensate for any yaw disturbance., The pllot's task

in maintaining a heading was complicated by a hiph pedal breakout
foree of 10 to 15 pounds (measured in flight) which {s sipnificantly
out of proportion to the breakout force in the lateral and longi-
tudinal control systems (0.5 1b). In additilon to the large breakout
force, the pillot encountered a transient pedal force gradient which
wag present only while the pedals were moving, 'This traonsient force
gpradient reached values on the order of 100 1b/in. These factors
conbine to complicate the pilot's task of holding the helicopter
gteady while 1n a hover and during landing. The net pedal forces
were measutred by strain pauges and recorded on the osclllograph
(figs., 76 and 90, app IV).

66. Landing in confined areas, such as revetments and unimproved
landing zones, requires precisc directional control. Excessive pillot
effort required to accomplish this basic task detracts from the heli-
copter ability to perform operatlional missions. The shortcoming in
dircctional control during hover (HQRS 5) also detracts from the
helicopter accuracy during firing of the armament subsystem and could
advargely affect mission accomplishwent. Correctlon 1s recommended
on a prlority hasis,

ARMAMENL FIRING

67 The XM27EL armameat subsystom was fired at representative
condltions of flight to determina its effect on the stabillity and
control of the heli opter, The results are presented in figures 81
through 84, appendix 1V, Reaction to firing the weapon resulted

In attitude changes tn plteh, rvoll and yaw. These attitude excur-
glons and the fmprecise hellcopter response to pllol efforts in cor-
recting the aligament of the weupon with the tarpet depraded the
cnpab Lilty of the helicoptoer to malntaln lmpact in the target area.

2




¥ 68, Firing was conducted in two phases. During Phase T, the flight
b controls werc held fixed while firing 3-second bursts., These data

i are presented in figure 81, appendix IV. In Phase 1T, corrections
were applied in an attempt to maintain accurate target impact. Time
historles of this firing arc presented in figures 82 through 84,
Qualitative evaluations of pllot effort, noise and vibratlon level
were made. Time histories of control positions, hellcopter attitudes
and rates were recorded on an osclllograph, The duration of the
firing burst was restrilcted to 3 seconds by a limiter bullt into the
firing clrcuit,

69. TFiring runs were made from a low level (approximately 50 fecet)
and during dives from 1500 feet above ground level (AGL), Lach
firing run was followed by a steep climbing turn to the right. The
right turn was considered to be the most critical condition for
control-margin evaluation, TFirlng conditions are presented in
table 8.

70. Tirdng from a hover caused the most problems for the pllot.
Preclse alming was extremely difficult because of a tendency to
overshoot the desired polat when attcompting to make small heading
correctlons., This problem was compounded durinpg firing by the

large reaction in the pltch, roll and yaw axes resulting from weapon
! firing, When corrections were not applied to hold the aircraft atti-
tude, the heading changed 47 degrecs (to the left), and the nose
pitched down 17 degrees at the end of a 3-second burst at the maxi-
| mum rate of fire (4000 rds/min) with the weapon liorizontally aligned
| (fig. 81, app IV)., The helicopter had adequate control power avail-
' able to maintain control and to correct the target alignment, but

| the bigh vaw rate (reaching a maximum of 24 deg/scc to the left),
reaulting from the filring, and the difficulty encountered in moln-
taining preclse directional control prevented hitting the target
consiatently (fig, 84). Cotrrection caused the hits to "walk'' across
the target, and the hits could not be held within the target arca
conslstently.

FRAS

TR LT,

ir =P
P

7). Tlargets were engaged in lorward flight at representative afr-
gpeads at low altitudes and also during dives from 1500 feet AGL.
Each target attack run was followed by a steep climbing turn up to
bank angles of 60 degreces., Degplte the roll that resulted from ‘
firing, adequate control margin was avallable for cxccutinpg cvaslve
maneuvers.

28




¢
1.
b(
:
" Table 8, Firtng Test Cond it lons.
N
] Phage 1 (Controly Flxed)
: bratoe A s Al | .
. Gallbrated F1 Lght IR i;:hL Ahove Reapon fate uf
Alvapoed “and (L Ton Grownd Position o
(k) mE TR (ore) ’ (rd/min) )
full ap,
0 Nover 1GH {0 hortzontal, 2000
ful | down
0 Hover 1GH 10 Horizontal 4000
}.—.. -

Fall up.,
0 llover OGE %0 harizontal, 2001)
full down

0 llover OGE 50) Novlzontal 4000
49 Lavel 1 Lght 1500 Norizongal | 2000 and 4000

PoFud L up,
B0 fevel Flipht 1500 hor Lzontal (| 2000 e 4000 }
full down

5, 10 and 25 depreoes
80 (left and eight 1500 Hortuontal 2000
sldes)p)

Acceleraled | Full up,
80 flighr nt l 1500 Lhorizontal, 2000 j
L4 p's X full down
. 1] - .

Accelerated

0 P al 40
80 FlIpht e Lod gt } 151 Hor fzontal 1000
- i ]
Avceleratad ! Full up,
80 Flight nt | 1500 horlzontal 2000
1.8 w's ! full down
Avcolorntod ’
. } ¥ . 4000
| 80 Flipht at 1.8 n's 150 Hov Tzontnl \
10% Level lipht 1500 FHortzontal [ 2000 and 4000
-
117 Niye I)()() lo )()() Horlzontal | 2000 ;md 4000
122 Dive i Ia()() Lo 500 | Horlzontal )()()U and 4000
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Phase 11 (Controls Applied)

(kt\ Condition (ft) Position (rd/an)
e s s s bee i s -t et < it em one s msrsetm s s g o e s e rend
0 Hovgr IGE 10 llorizontal ZOOO and 4000
6 ] meverax | 10 | wall ao}m' © 2000 |
0 tover OG 50 1‘:;‘1 }/gﬁ‘:‘h 2000 and 4000
33 Low level 50 Horizontal | 2000 and 4000
49 Low i;;cl 50 Horizontai-_Eaégr:;;;_2662;-
85 low level 56. Horizontgil 2000 and 4000
- 101 N DI;E 1500 gohggb““ Horizontal 7060 and 4000
R Dive | 1500 tff}_dém mﬁc—);i—;on;al 2066“3};&'4665"'
| e s USSP N e e et e
125 Dive 1500 to 500 Lull dowu 4000
|10 to 30 | ukeoff | 5 | lorizontal | 2000 and 4000 |
10 to 30 |  Takeoff | 5 il up | 2000
30 to 10 z;;dlng T 5 HorizontniqméOOO and 4000
30 to 10 Landing "“"“”g”“_“”* Full d;@n 2000 T
15 Left sideward 10 HOJLzﬁnz;i ﬂgaéém;nd ;ééd‘ﬁ
(15 [ Wighe stgevard| 10 | Nlorizoncal | 2000 and 4000 |
15 TRearward | 10| Horlzontal | 2000 and 4000 |

e n oo e s i st s e L

72, DIiffleulty was cncountered in vstablighing precisce alm before
Firlng beeaude of excessive vertical vibratlon ol the sight reticle
(IQRS 5) and the difflculty In making small directlonal corrections.
Use of the lateral cyelile control alone to make directlonal corrce-
tions was not suitable beecause of the excesslve lapsed time before
the turn could boe completed (approxlmately 2 scconds).

to coordina

te pedal and eyelice

effort in order to maintaln balanced {llght beecause of
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of the control forces (disproportionate pedal forces). ‘The use of
the pedals alone resulted in excessive sideslip. The difficulty

in holding precise headings makes the consistency of achicving first
round hilts on n target very poor. Sight reticle vibration is a
shorteoming which would adversely affect mission accomplishment,

and correction 18 rccommended.

73, Attltude excursions which resulted from flring during forward
flight were not large bDut dld cause signiflcant dispersion of hits
(figs. 82 and 83, app IV). Control power was adequate for contrul
of the helicopter and to correct for attitude disturbances, bhut it
wag impossible to maintuln impact on n point target.

74. UNolse and vibration levels were evaluated qualitatively based
on thelr effects on the pllot's ability to perform the mission.
During firing, the Increase in the vibration level was moderate

and did not seriously affect the flylug qualities of the helilcopter
(IQRS 3). ‘The incrcasc in nolge level was hipgh during firing,
partieularly In the doors-off configuration, Fxcessive nolse in

the intercom made conversatlon difficult to understand over the
intercom and would make radio transmission difficult durlng a combat
situyation. Correction of this shortcoming is rccommended.

75. Changes 1n helicopter attitude which resulted From firing were
related to alrspecd, rate of fire and weapons position (relative

to the horizontal axls) as shown 1n figure 81, appendix 1V. The
wagndtude of the changey decrecased with increasing alrspeed and was
less at the reduced rates of fire., TFiring of the weapon in the
horlzontal or clevated positions resulted In a left yaw, left roll,
and a nogse~down pitch attitude, PFlring of the wecapon in the depressed
position resulted in a left yaw, right roll, and nose-down pltch
attitude.

76, Adequate control power was available to correet for the attd-
tude changes observed in all flight conditions tested, and no chanpe
In the stablillty characterlgtics was notued; however, excessive pilot
effort was required to correct the polnt of fmpact back to the target.
In additlon, a high level of pilot effort was required to make minor
directional aimlng corrections prior to Inftlating fleing (IQRS 5).
Correction of the dLUfflculty in maklug precise heading correctiony

1g recommended to lmprove service saltability.

FLIGHT CONTROL SYS'TEM
77. The fllight control system was cvaluated to determine the con-

trol breakout forces (total force, Including frictlon, requlred to
inttiate control movement), force gradients and maximum Flight
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control forces, and also to determine compliance with the require-

ments of the mil spec, The wystem was tested with and without the

hydraulic boost system in operation., The breakout forces und force :
gradients were measured on the ground with the helicopter rotor

gtationary using hydraulic pressurc applied from an external source, .
Although the mil spee breakout force requirements are specifiled in f
terms of in-flipght conditlons, common test procedurc has been to
consider ground measurcements valid. The boost-0FF forces were also
measured during normal flight mancuvers (sec time historiecs of sym-
metrical pull-up, left sideward flight and landing, Ffigs. 62, 76

and 90, app 1V)., The results are pregented 1n flgures 85 through 90,

78. Thec boost-ON longltudinal breakout forces (fig. 86, app IV) werc
measured with the force trim switch both ON and OFF and with the
cyclic frictlon OFF, The force-trim-ON, friction-OFT breakout forcc
was 1.7 pounds (pull force) which slightly exceeded the 1.5-pound
limit imposed by paragraph 3.2.7 of the mil spec. Longitudinal break-
out forces 1n flight were not objectionable and allowed small, smooth,
precise control displacements from trim. All longltudinal force
gradients (force trim ON) were positive. With cyelie friction applicd
during a normal fiight adjustment, Lhe Lorce-tyim-ON stick force
gradient was smooth, and there were no discontinuitlies recorded.

T P

79, The lateral breakout forces (boost ON) were measured (fig. 87,
app IV) with the force trim both ON and OFF using a normal flight
application of cyeclic friction (force trim ON). The maximum lateral
breakout force (force trim ON, frictlon OFF) was 0.8 pound and com-
plied with the requirements of paragraph 3.3.13 of the mil spec. The
force gradient was positive at all times, and the requirements of
paragraph 3.3.11 of the mll spec were met. No undesirablce discon-
tinuitlies in the lateral force gradient were observed during flight,
There was no binding in the system with cyclic friction applied.

80. The maximum pedal breakout force (fig. 85, app IV) measured on
the ground was approximately 9 pounds (right) and exceeded the
7-pound limitation of paragraph 3,3.13 of the mlil spec. The dirce-
tional control force gradient was nonlinear over the entire trim
range and was negative to the right of the trim poslition. ‘'Ihese
results do not meet the reaguirements of paragraph 3.3.11 of the

m.l spec,

8l. Pedal breakout forcesg varied with the flight condltion. They
were approximately the same In level Flight as those measured on the
ground, whereas the forcew were considerably greater during hoverlng
flight as can be seen In a time history of a typleal landing approach
(fig, 90, app 1V), The pedal forces reached a maximum translont value
of 49 pounds during left sldeward flight at 15 KTAS (fig. 76).. This
force 1s consldercd to be excessive and, therefore, did not mect the

3




Cad

TR
-

e~ i M——A e e

i

e S it - o

r

hdcar 2 e 4

h

qualitative requirements of deviation 19 of the detail specification.
The 15-pound dircctional control force limitation of paragraph 3.3.12
of the mll spee was not met.

82, Pedal free play (pedal travel necesgsary to causc a deflection
of the tall-rotor control surfice) was measured on the ground and
wag found to be *0.1 inch which mcets the requirements of para-
graph 3.5.10 of the mil spec. llowever, the total cffect of this
free play in conjunction with the excessive pedal breakout forces
was considered to be a contributing factor to the dircctional con-
trol in a hover (discussed in para 65).

83. The maximum collective breakout forcc (fig, 88, app IV)
(boost ON, frictiou OFF) measured at a typical collectilve setting
of 5 inches was approximately 4.3 pounds {(pull), Although this
exceeded the requirements of parvagraph 3.4.2 of the nil spec by
1.3 pounds, the boost-ON collective breakout force was not con-
sidered to be objectionable in flight.

84, Some control coupling (boost ON) existed between the collective
and the longitudinal control (fig. 89, app IV). When the collcce-
tive was moved upward, a 0.5-pound forward force was transmitted to
the cyclic control. Although tlis force coupling did not meet the
requircments ~f paragraph 3.4.3 of the mil speec, 1t was not objec-
tionable to the pllot because the use of a small amount of cyciile
friction eliminated the cffeet.

85. The longitudinal force gradient was approximately 1.42 1b/in.
as compared with a lateral gradient of 0.88 1b/in. (boosf ON, fric-
tion OFF). The gradients did not chal.ge when cyclic frictilon was
applied. Control harmony among the lateral, longltudinal and col-
lectlve controls was satisfactory except in those instances In whicn
high pedal forces were encountered.

86. ‘The longitudinal control free play (boost OFF) was mcasured
and found to be #0.53 inch, and the lateral free play (boost OFF)
was found to be $0.91 inch. These free-play mcasurements cxcecded
the limitations of paragraph 3.5.10 of the mil spec by 0.33 inch
and 0.71 inch, respcctively.

87. Excessive coupling between the cyclie and collective controls
exlsted with the boost OFF (fig. 89, app IV). Ralsing the collece-
tive control causcd a waxlmum pull force of 6 pounds to be trans-
mitted to the cyeclic control which exceeded the l-pound maximum
limitation of paragraph 3.4.3 of the mil spec, Lowering of the
collective causcd a push Fforce of 4.2 pounds to be transwitted to
the cyclic contrel,
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88, All of the maximum breakout forces (boosgt OFF) were found to

be exceasive (flg. 85, app TV). The maximum longitudinal force was

measured at 14,5 pounds (pull); the maxlmum lateral force was .
13 pounds (left from neutral); and the maximum collective forece was
38 pounds (up from the 5-inch collective sctting). These forces
are shown In time history plots of the data which were measured

in flight (figs. 62 and 90), and each exceeded the 1limits of para- ,
graphs 3,2.7, 3.3.13 and 3.4.2 of the mil spec. The boost-OFF ;
lateral, longitudinal and collective breakout forces were considered X
acceptable for emergency use only (HQRS 6).

VIBRATION

89, Vibrations in the helicopter were measured at the various

fidight conditions listed in table 9. Accelcrometcrs were installed

at the pllot seat and the passengeswseat to measure lateral and

vertical vibrations. Vibratlon frequencies were analyzed at mul-

tiples of one-, two~-, four-, six- and eight-per-rotor-revolution,

Single-amplitude vibration and acceleratlon levels were plotted as

a function of airspeed and arc presented in figures 91 through 95,

appandix IV, Maxlunum recorded vibration levels are listed in table 9. i

90, All lateral vibration levels werc Ingignificant (0.11 g or less)
and compiled with the requirements of the mil-spec. The predominant
vertica® vibration was the two-per-revolution which increased sig=~
nificantly with increasing alrspeed at ailrspeeds greater than

50 KCAS. The vibration level at this frequency, as well as the
six-per-rcvolution vibration, exceeded the limit of paragraph 3.7.1(b)
of the mil spec for scveral corditions listed 1in table 9. The
two-per-tevolution vibration became severe as Vyp was approached,
Although this provided an ample cue to warn the pilloet of impending
blade stall, the vibration level near Vyp was uncomfortable and
degraded the target tracking task (HORS 4). Correctlon of this
shortcoming is recommended for improved service use. Incrrasing

the maximum level-flight speed capability of Lhe OH-58A to speceds

more closcly approaching Vyp would probably increase the vibrations

to a level which would be unacceptable for sustained level-flight
operationg. At alrgpeeds of 100 KCAS and less, the vibratlon levels
were satisfactory (HQRS 3). Varying the flight conditions or removing
the armament subsystem did not significantly affect the vibration
levels. Vibration levels In climb and autorotation did not vary sig- -
nificantly from those recorded during level flight.

3
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SLOPE LANDING

91. An cvaluation was conducted to ilnvestigate the slopo~landing
characteristics of the OH-58A. It was impossible to land safely

on a 10~degree slope (measured with an inclinometer) with the left
skid uphill., The helicopter could be landed safely with the nosge,
tall and right skid uphill on a 10-depree slope, although the latter
orientation required the applicatlon of full right cyclic control.
It is doubtful that the maneuver would bo acceptable to the average
pilet who would probably abort the landing when full lateral travel
of the cyclic had been reached. When the left skid was uphill, the
maximum slope capabillity was approximately 9 degrees.

92, The landing surface at the test slte consisted of a dry, well-
graded, firmly compacted, clay/sand desert soll with an approximate
California bearing ratio of 1C and a 25-degree angle of repose.
Surface winds during the test were stoady at 10 to 15 knots and
provided a4 head-wind condition when the left slde of the hellcopter
was "upslope.'" The method of test was to perform landings on pro-
gressively steeper slopes using cyclic control as required to

hold the aircraft against the slope while the collective piltch waa
lowaered smoothly and gradually. When the skide were firmly set on
the ground with no tendency to slip, the collective control was

placed in the fuil down pesition, and the cyelle control was centered.

The reverse sequence was used to 1lift off and return to a hover.

In the left-skid-uphill test, the left skid vended to slide down the
10-degree slope despite the use of full leftv lateral cyclic and the
lowering of the collective control to the pol:-: where the downhill
(right) gkid was still 4 to 5 inches from the round.

93. The requirements of paragraph 3.8.1 of the Jctail specification
were not met in that the helicopter could not land safely on a
10-degree slope from all directions. It should be noted, however,
that scveral possible variables could have affected the slope-landing
capabilities: soll type and condition, wind, and pilot technique.
Since these variables are not defined in the detail specification,
the results of the test are not conclusive evidence that the require-
ments cannot be met.

SK1 INSTALLATION

94, A brief qualitative evaluation was conducted Lo determlne the
Ol-58A flying qualitiles with Airglas Corporation skis (model no.
L2700-206) Lnstalled. ‘The ski installation is shown in photo 1.

The following tests were conducted at the maxilmum alrspeed for lovel
flight (Vg) in the armed configuration: static and dynamlce longi-
tudinal, lateral and directional stability, mancuvering stability
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and autorotational entry. A slight two-per-revolution vibration

was obscrved In the skis, particularly the Lleft one. ‘This vibration
had no discernible effect on the flying qualities or safety of the
hellcoptor, and the evaluation confilrmed the ability of the OH-58A
to fly safely with skis dinstalled,

HUMAN FACTORS

95, 'There were no hand holds installed on the helicopter to assist
the crew members in entering and leaving the cockpit. Equipment
lmprovement recommendation (KIR) nuwber 619269 was submitted on

5 March 1970 regarding this problem. Ingress and egress were diffi-
cult, particularly for a tall individual, because of the size and
shape of the door. Correction of this shortcoming 18 recommended

to facilitate crew Inpress and egreas,

96. Ingreus and egregs were further impeded by the lack of hooks
inside the cockpit om which to hand the pilot's and copilot's
helmets., The pllot and copilot must place their helmets either
directly in the way on the seat or floor, or depend upon another
individual outside the hellcopter for assistance. Correction of
this shortcoming is recommended.

97. All four doors had jettison rveleases. The handles were marked
adequately and could be operated casily, During a firing run,

the left front door came off at the cmergency release points, and
the cause was not determined., EIR number 143940 and EIR number
54574 were submitted regarding this problem on 13 January and

17 February 1970, respectlvely. The emergency door relesse was
satisfactory for emergency cgress.

98. The mechanism designed to hold the doors in place when opened

during ground operatlon was unsatisfactory. It was usually impos-

sible to kecp the doors opoen without physically holding them. Cor-
rection of thls shortcoming is vecowmended.

99, The pllot and copllot scats were comfortable when parachutas
were not worn., No seat adjustment was provided; thercefore, whea
purachutes were worn, it was necessary to remove the back of the
seat. In these cases, the pllot and copilot were still seated
forther forward than the normal positlon. A tall pilot wearing

a parachute had difficulty obtaining full ripght cyclic deflection
because the door post restrictad the movement of his right knce

to the extent that his ripght leg was In the path of the eyclic
control., Since parachutes are seldom worn durlng normal operation,
the crew seats are satisfactory for mission accomplishment.
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100. The antitorque pedals are adjustable by turning a knob located
on the floor just aft of the padals. The pedal adjustment knob was
sagy to turn by the pillot using his foot and permitted a satisfac-
tory range of pedal trave). for most pilots. The adjustment was ado-
quate for misslon accomplisament which 1s an important consideration
becausa the seat 18 not adjnstabla,

101, The force telm buttos i located on the top right-hand corner

of the cyclic stick grip (ilooking forward). Activation of the

button required placement of the pilot's right thuwb Iin an awkward
position and resulted in a momentary reductilon of control authority,
It 18 recommended that this shortcoming be corrected by relocating

the force trim button in accotdance with the position of the standard-
1zed cyclic grip, MS87017.

102, The cyelle and collective frictlon adjustments were satisfac-
tory., The throttle friction was excessilve and way not adjustable,
When recovering from practice autorotations, it was posalble to
inudvertently fall to apply full power because of the excessive
friction. A throttle frictlon adjustment device 1s recommended

to correct this shortcoming.

103, There is no map storage compartment in the fromt (pilot)
cockplt. This 18 unsatisfactory in a warm weather environment where
the helicopter is flown with the doors removed. Installation of a
cockpit map storage compartment Is recommended to correct this short-
couning,

104, 'The ventilation system, consisting of two sunap vents in each

of the four doors, was inadequate for warm weather operation with

the doors installed. Based on crew obscrvation, there werc no engine
fumes present In the cockplt during ground or air operations; how-
aver, the pilot would probably become fatigued becuause of the heat.
Correction of this shortcoming is recommended.

MAINTENANCE CHARACLERISTICS

105, 1In general, tho maintsingbility of the helicopter was cxcel~
lent throughout the test. “Down time,'" because of maintenance
prohlems, was almost nonexlstent. A total of 183 flipght hours was
accumulated on the test helicopter without the occurrence of u serious
ma lutenance problem. '




Unfavorable

106, Several unfavorable characteristics were noted; these are
as follows:

a. The ground handling wheels were inadequate. EIR Number
619268 was submitted on 5 March 1970 regarding this problem. A
full fuel load would cause the wheels to spread out, and the tires
would become almost flat degplte a 10-psl coverpressure. Correction
of this shortcoming 1s recommended.

b. Ground handling was impeded by the lack of handling points
on the helicopter both on.the tall section and on the fuselage inter=
mediate or forward section. Corraction of this shortcoming 1ls recom-
mended.

c. During the high-altitude testing (15,000-foot Hp), oil
leaked through the outboard ends of the main rotor blude grips.
Leakuge was not exccssive, but ceorrection is recommended in order
to preclude future problems during high-altitude operation. EIR
Number 457831 was submitted on 15 October 1969 regurding this problem,

d, The fuel quantity gauge indicated FULL when tha VHF trang-
mittor was keyed or when the force trim button was actuuted. Cor-
rection of thils shortcoming is rccommended.

e, The rubber bumper located next to the static stop on the
tail-rotor assembly was replaced four times during the evaluation.
This was a result of the statle lateral-directional testing in
which large sideslip angles were encountered and is not considered
to be a shortcomlng for the normal mission.

e o D it S




J,
= .

B~
=

-

1l ks

o~

{7

IeOFTeRT, T

B e

~ :D'w‘)-‘

CONCLUSIONS

GENERAL

107. The following conclusions were reached as a result of the
gtability and control testinp on the OU-58A hellcoupter:

a. The overall flying qualities of the hellcopter are sak-
igfactory.

b. There are 19 ltems of specificatlon noncompliance. 'These
are listed in appendix V.

DEFICIENCLES AND SHORTCOMINGS AFFECIING MISSLON ACCOMPLISLMENY

108, There were no deficlenclos noted durlng the testing.

109, Correction of the followiny shortcomlngs is desirable for
improved operation and mlssion capabilitles:

a. Dutch-roll tendency when the hellcopter 1s In a slight
left sideslip (para 30).

b. TLack of yaw rate damplug when the helicopter 1s in a
hover (para 43).

c, High boost-OFF collectilve and eyclic vontrol forces (paras 50
and 88).

d. Directional instability in lefr sldeward Clight at alrspecds
between 15 and 25 KIAS (para 52).

e, Difficulty in walntalning preclse dircctlonal control in
hover (para 66).

£. Excegsive vertlcul vibratlion of the gight roticle in the
armament subaystem (para 72).

g. LUxcesslve nolse in the intercom during flring (para 74).

h. Difficulty in making precise directlonal control correctlons
in forward flight while aiminpg and Eflrinpg the weapon systom (para 76).

1. Severe two-per-revolution vertical vibratlons at speeds near
Vng (para 90).
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J+ Lack of hand holds on door frames (para 95).
k., Lack of hooks in the cockpit on which to hang helmets
(paura 96).

L. Difflculty in keeping doors open during ground operations
(para 98).

m. Awkward location of force trim button (para 101).

n,  Excesslve frictlon of the throttle and no adjustment
(para 102).

o, Lack of 4 cockplt map storage compartment (para 103).

p.» Inadequate cockplt ventilation (para 104),

q. Inadequate ground handling wheels (para 106a).

. Luck of ground handling points (para 106b).
g, 01l leakage through maln rotor blade grips at high
altitude (para 106c),

t. Fuel quantlty gauge indicated FULL when the UHF transmitter
was keyed or thae feorce trim button was actuated (para 106d).




RECOMMENDATIONS l

110, 7The shortcomings, correction of which is desirable for the
Improvement of the helicopter mission capabilities, should be
corrected as soon as possible,

111, The directional instabllity in hover should be improved on
a priority basis.

g- 112, A caution note should be placed in the operator's manual
warning against hovering in taill winds in exceas of 30 knots.
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/ APPENDIX Il. TEST INSTRUMENTATION

Sensitive 1ndtruments were installed in the test helicopter and
were maintained by the Instrumentation Branch of USAASTA. 'The
followlng parameters were recorded:

Piliot and Englneer Panels

Airspeed (boom system)

Altitude (boom system)

Angle of sideslip

Rotor speed

CG normal acceleration

Free alr temperature

Longitudinal cyclic stick position
Lateral cyclic stick position
Collectdive stick positioun

Rudder pedal position

Total fuel used

Oscillograph coordination counter

Oeseillograph

Lougltudinal cyclic stick force
Lateral cyclic stick force
Collective stick force
Rudder pedal forece
Longitudinal cyclic stick position
| Lateral cyclic stick position
. Collective stick position
v Rudder pedal position
g Pitch attitude
' Roll attitude
k- Yaw attitude
Pitch rate
Roll rate
Yaw rate
Pitch angular acceleration
| Roll angular acceleration i
I ' Yaw angular acceleratilon
CG normal acceleration ]
Angle of attack
) Angle of sideslip
Linear rotor spced
Rotor blip 1
Torque pressure )

X

L1

s P




Throttle pogition
Engine=r evont
Pilou event
Pilot vertical vibration .
(F8 = 73 in., WL = 29 in., butt line (BL) = 15 in.) 4
Pilot lateral vibration )
(FS = 73 in., WL = 29 in,, BL = 15 in,)
Pagsenger vertical vibration ]
(FS = 108 in.,, WL = 32 in., BL = 0 in.) :
Passenger lateral vibration
(FS = 108 in., WL = 32 in., BL = 0 in.)
Gun position
Rate of fire
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Instrument Panel.

Photo A.
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APPENDIX V.
SPECIFICATION NONCOMPLIANCE TABLE

Type Specifleation Spucification Test
of MIL-H-B501A MITL.-H-8501A Renul ts Raport
Tast Raquirement Paragraph Patagtaph
"»lLILlL 1nnuuudinn1 J-inch maximum lounpi- 3,2,10,2 Long{tudinal eycelic trim 21
stability tudinal trim change chanpe wan 3,5 Inches
botweon climb and
| . . uuturolnLlun
Stutfe Pednl and latoeral 3.3.9 l‘vdul and 1uLunl 32
lateral-directtonal [ diaplacoment pradients yradicnts somet ey
vtability approxlmately lincar nonlinear
hetween sldealip
- _angler of £15 degrees
rSL'ntic Popitive padul and 3.3.9 Some negative pradients 32
lateral-directional | latersl control
wiubility diup]m‘emnnL grudlonts
“\ut Sectational 2~uuumd ‘minLowm delay 3.5,5 Delay times ns low as 62
entry bafure lowering 1,16 weconds In c¢limb
colluctive
Control system 1.5 -pound max tnum 3.2.7 1.7-pound lonpitudinal 78
svuluation lougltudinal breakout breakout Topeu
force
b
Control systum 7~pound maxfmum podal 3.3.13 9-pound pedal breakout 8O
evaluation breakout forcw forea
Control sydtem Linear pudal force 3.3.1 Nonlinear gprodient a0
avaluation gradioent
fontrol systuem Pedal forces no: Deviation 19 | Fednl forces counsidered 81
wvaluallon exceesslvoe in stendy (detatl apec) | excesslva (49 pounds)
sidoward flipht
Control system 15«pound maximum pedal 3.3.12 49-pound vight pedal 81
ceviluation force in sidoward force, 3B-pound left
fllght pedal force
Conlrol gystom 3-pound maximum col- 3.4.2 4, 3-pound colloctlve a3
Lﬁ\inluntinn lectiva breakout force Lhroukout foreo
Coatrol dyystem No control foroe 3.403 0. 5-pound loree trans- 84
evaluation coupllug mitved to cyelle by
collectlve movement
(boost ON)
....... . R PR SO N UV UUUGIUIN [WUUOSONOR GO
Control systum 0, 2=fnch maximum 0.53=ineh longitudinal T 86
evaluation control froe play control free play,
0.9 -inch lateral free
1 p]uy (hnouL OrE)
bos e [ SN G -
(onlwl uystum L-pound maxluwum con- 3. lnl 6 pnund fun.r- trane- 87
avaluation trol force transmltted wikttud (booat OFF)
to cyelic by moving
n.o]lu.tlvu
b - cmeeion RO e JUUEN WUV PN BSOS IR
Control ayaLLm Maximum Inmlkout 1.2.7, Broakout loreues (boost 88
evalunt Lol forcest (L.5-1b Ll-ong, 3.3.13, OFF) 1 (14.5-1b lonp.)
and lat) (3-1b coll 3.4.2 (13-1b lat) (38 lb coll)
VihlnHuns 0,15- muximum vibra- 3.7.1 () 0.19g at B.) K(‘I\'ﬁ 920
tion lovel below
L Veruine 1 o
Control rusponue Damping at least 3.3.19 Damping approached zoro 43
..L""l donaitivity 4575 [b-lb/rad/sce
fontrol responge 20~ dq:/au!/ln. 3.3.15 Zﬁ—duylumlln. lataral 43
md vensitivity mixlmum lateral control reaponse renched
control rosponse
s




Agency

Commanding General

US Army Aviation Systems Command
ATTN: AMSAV-R-F

i AMSAV-C-A

! AMSAV~D-ZDOR

i AMSAV~D-W

i AMSAV=-R~R

g PO Box 209

v St. Louls, Missourli 63166

Commanding General
- US Army Materiel Command
-~ ATTN: AMCPM-LH
. PO Box 209
St. Louis, Missouri 63166

Commanding General
US Army Materiel Command
ATTNY  AMCRD
AMCAD-8
AMCPP
AMCMR
AMCQA
Washington, D, C. 20315

Commanding General

US Army Combat Developments
Command

ATTN: . USACDC Ln0O

PO Box 209

St. Louis, Missourl 63166

Commanding General

US Continental Army Command
ATTN: DCSIT-SCH-PD

Fort Monroe, Virginia 23351

APPENDIX VI. DISTRIBUTION

Test Interim Final
Plans Reports Reports
5 5 6
- - 2
- - 2
- - 2
- - 1
5 1 25

1 2

- - 1

- - 1

2 - 2

- - 1

11 11 11
- - 1
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Test Interim Final
Agency Plans  Reports  Rcports
Commanding General '
US Army Test and Evaluation ]
Command :
ATTN: AMSTE-BG 2 2 2 i
1 1 1

USMC LnoO
Aberdeen Proving Ground,
Maryland 21005

B

) Commanding Officer

f US Army Aviation Materiel

< Laboratories

ATTN; SAVFE-80, M. Lee -
SAVFE-TD -
SAVFE~AM -
SAVFE-AV -

; SAVFE-PP -

e Fort Eustis, Virginia 23604

~

ERIE

:

-

1
e N

. .

Commanding General
US Army Aviation Center
Fort Rucker, Alabama 36362

; Commandant
US Army Primary Helicopter School
Fort Wolters, Texas 76067

=
[
[
JORNSONUFPRPIS SIS S F IRSERY E N gt P

. President 1 1 1
; US Army Aviation Test Board

Fort Rucker, Alabama 36362 :
, Director - 1 1
. US Army Board for Aviation

Accident Research

Fort Rucker, Alabama 36362 ;

President - - 1 i

US Army Maintenance Board M
i Fort Knox, Kentucky 40121

Commanding General '

US Army Electronics Command

- 1

ATTN: AMSEL-VL-D -
Fort Monmouth, New Jersey 07703

148




" Test Interim Final
k Agenc Plans Reports Reports

Commanding Geueral

US Army Weapons Command

ATTN: AMSWE-RDT - - 2
AMSWE~-REW - - 2

(Airborne Armament Flying)

Rock Island Arsenal

Rock Island, Illinois 61202

kL.

Commandant - - 1
US Marine Corps
Washington, D. C. 20315

Director 1 1
US Marine Corps Landing Force i
Development Center
Quantico, Virginia 22133

N
Sae . babe boil

US Alr Force

Aeronautical Systems Division ‘

ATTN: ASNFD-10 - - 1

Wright Patterson Air Force Base, .
Ohio 45433 '

Alr Force Flight Test Center
ATTN: PSD - - 5
SYSE - - 2
Edwards Alr Force Base,
California 93523 ]

e i e i e ema D il Lot

Naval Alr System Command - - 1
Headquarters (A530122)

Department of the Navy !
Washington, D. C, 20350

Commander 1 - 1
Naval Air Test Center (FT23)
Patuxent River, Maryland 20670

Federal Aviation Administration
ATTIN: Administrative Standards
Division (MS-110) - - 2
800 Independence Avenue S.W.
Washington, D, C, 20590

j
i
!
I
I

R Lkl bt
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B Test Interim Final
3 Agency Plans Reports Reports

e

_ Department of the Army
1 ' Office of the Chief,
Research and Development
ATTN: CRD 7 - 7
Washington, D, C. 20310

Department of the Army 1
k. Deputy Chief of Staff for Logistics ‘
' ATTN: LOG/MED - - 1 !

L.OG/SAA-ASLSB - - 1 .
3® Washington, D, C. 20310 '

Director - - 1
US Army Aeromedical Research Unit
- TFort Rucker, Alabama 36360

Bell Helicopter Company - - 5

] Military Marketing Suales Engineering
! PO Box 482

: Fort Worth, Texas 79901

Allison Division of - - 5
General Motors Corporation

, PO Box 894

§ Indianapolis, Indiana 46206

Defenge Documentation Center - - 20
Cameron Station
Alexandria, Virginia 22314
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FIED
Security Clansification

DOCUMENT CONTROL DATA-RAD

(Secutlty clasailication of title, body of abatract und indexing notation nunt be wntered when the uverall report is clasaiiisd)

1. QRIGINATING ACTIVITY (Corporate authut) 20, REFPORT JECURITY CLASSIFIGCATION
US ARMY AVIATION SYSTEMS TEST ACTIVITY UNCLASSTFIED
EDWARDS AIR FORCE BASE, CALIFORNIA 93523 b, arouP

——tarre

3. RERORT TITLEY
ALRWORTHINESS AND FLIGHT CHARACTERISTICS TEST, PRODUCTION OH-58A HELICOPTER
UNARMED AND ARMED WITH XM27El ARMAMENT SUBSYSTEM, STABILITY AND CONTROL

4. DESCRIPTIVE NOTES (Typs of réport and incluxive date

FINAL REPORT, August 1968 through June 1970

8. AUTHORS) (First neme, miiddle Infljal, last nama)

EMMETT J. LAING, Project Engineer
WILLIAM A. GRAHAM, JR,, LTC TC, US Army, Project Officer/Pilot
PAUL G, STRINGER, MAJ CE, US Army, Project Pilot

¢. NEFORT DATE 74, TOTAL NO, CF PAQGES 7b, NQ. OF REFS

OCTOBER 1970 162

BA. CONTRACT OR GRANT NO. g8, ORIGINATON'S REPQRT NUMBER(S)

b, PROJEC T NO.

USAAVSCOM PPOJECT NO. 68-30 USAASTA PROJECT NO. 68-30

e

this report)

USAASTA PROJECT NO, 68-30
N/A

b, OTHER REPORT NO(8) (Any ather rtumbers that may be asaigned

e furtl distribuded
SAAVSC ATTN:

12. SPONSORING MILITARY ACTIVITY

US ARMY AVIATION SYSTEMS COMMAND

ATTN: AMSAV-R-F

PO Box 209, St. Louis, Missouri 63166

11 SUPPLEMENTARY NOTES

3. ABBTRACT

Stability and control tests were conducted on a productioun model
OH-58A helilcopter to evaluate its flying qualities in the unarmed
configuration and in an armed configuration with the XM27L1 weapon
system. Limited testlng was also performed to evaluate the heli-
copter slope landing capabilities and flying qualities with skis
installed., Human factors and maintainability characteristics were
noted throughout the evaluation., Testing was performed by the

US Army Avilation Systems Test Activity, Edwards Alr Force Base,
California, boetween 6 October 1969 and 16 PFebruary 1970. The test-
ing conslsted of 89 flights which totaled 85.3 hours of productive
flight testing, There were no deficlencies recorded., Eighteen
shortcomings are reported. Difficulty in malntaining preclse
directional control during hovering flight 1s a shortcoming which
warrants Imprnvement on a priority basis., This shortcoming requires
excessive pilot effort and degrades the accuracy in firlng of the
XM27E]l armament subsystem. It ig recommended that a cuution note
be placed ir the operator's manual warning against hovering in a
tall wind in excess of 30 knots, 'The capability of landing on a
1l0-degree slope was marginai but is not congidired to be a short-
coming., Flying quallties of the alrcraft with skis installed were
satisfactory., Malntalnability of the helicopter was excellent
throughout the test program,
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